Borrelia burgdorferi enters the host via a tick bite, followed by growth through the skin and then dissemination to target organs. The host immune response to B. burgdorferi during Lyme borreliosis results in both protection, by limitation of spirochetal growth, and inflammation, which can be detrimental in that it causes both symptoms and tissue damage (26) .
The host immune response to B. burgdorferi has been studied extensively, mostly by in vitro techniques. Cytokines, many of which are produced by Th1 cells, contribute to inflammation (14) . Recent work has focused on protective aspects of the immune response important in the development of vaccines (11, 24, 25) .
The arm of the immune response believed to be most important in protection and clearance is humoral immunity. This has been investigated in a number of animal models of expermental Lyme borreliosis, including hamsters (13), mice (3, 10, 17) , and dogs (27) . Vaccine efficacy is thought to be due to the development of protective antibody, and a variety of proteins of B. burgdorferi appear to have protective effects including outer surface protein A (OspA) (8) , OspB (9) , OspC (17) , and decorin binding protein A (5) . Clearance of spirochetes naturally occurs with antibody directed against a variety of B. burgdorferi epitopes; the isotype and immunoblot pattern optimal for clearance of active infection by antibody are unknown. Also, little is known about how the immune response reacts with the spirochete in generating either helpful or harmful immunity. Since the skin is involved early in infection, early immune responses are probably driven by antigen-presenting cells (APCs) and lymphocytes in the skin and draining lymph nodes. This local immune response and the development of high antibody-titers in the serum likely limit spirochetal growth and dissemination.
We hypothesized that interference with humoral immunity to B. burgdorferi would result in higher spirochetal loads in target organs. We also hypothesized that B cells circulating in the peripheral blood can produce anti-B. burgdorferi antibody and that in vitro antibody production by these B cells would mirror the antibody amplitude and isotype in the serum. We tested these hypotheses with the rhesus monkey model of Lyme borreliosis. nocompetent (IC1 and IC2, respectively). Blood was obtained for baseline serum analysis at three times prior to infection. NHPs were necropsied 10 weeks postinfection (p.i.), after euthanasia with ketamine, xylazine, and pentobarbital. Prior to necropsy, the NHPs were perfused with 2 to 4 liters of normal saline.
One million cells of B. burgdorferi of the N40Br strain were used for intradermal inoculations as described previously (20) . This strain has been passaged through mouse and NHP brains and has resulted in central nervous system (CNS) invasion in all 21 NHPs tested thus far.
The NHPs were closely monitored for effects of the corticosteroid administration and the spirochetal infection by observation of behavior, weights, and blood testing. The weights obtained were compared to three values obtained before infection and steroid treatment. Complete blood counts, electrolytes, and liver function tests were obtained for the NHPs at 2 to 4 week intervals and compared to three values obtained prior to infection. No significant changes in weight and behavior from preinfection weight or behavior were noted. No changes induced by the dexamethasone administration or infection were noted except for a mild lymphopenia 2 weeks after infection, seen in all infected animals.
Necroscopy and collection of samples. Before the NHPs were killed they were anesthetized with ketamine (7 mg/kg)-xylazine (3 mg/kg). They were then killed by intravenous administration of an overdose of sodium pentabarbital (65 mg/kg) 10 weeks after inoculation. A complete necroscopy was performed on the NHPs in a laminar-flow hood, beginning with the CNS. During the necropsy the skull was carefully cut laterally and along the midline and the brain was exposed. The brain was separated from the spinal cord by transection of the medulla with a scalpel, and while one investigator was taking sections of the brain for analysis, the other was exposing the spinal cord. After the spinal cord was removed, sections of it were also taken for analysis. Brain and spinal cord samples were quickly excised and kept at 4°C for a few hours. They were subsequently frozen at Ϫ70°C. Tissues from uninfected NHPs served as negative controls.
ELISA. Studies for determination of antibody titers in serum and cerebrospinal fluid (CSF) were performed as described previously (20, 23) . In brief, the antigen used in the enzyme-linked immunosorbent assays (ELISAs) and immunoblots were whole-cell sonicates (WCSs) of th strain N40Br. A total of 200 l of antigen coating solution containing 5 g of antigen per ml was added to a microtitration plate (Linbro Scientific, Hamden, Conn.) at a concentration of 5 g/ml, and the plate was incubated overnight at 4°C. The plates were washed three times with phosphate-buffered saline (PBS)-0.05% Tween 20, and 200 l of the serum was added at a 1/500 dilution. The plates were incubated for 2 h at 37°C and then washed again as described above. A total of 200 l of horseradish peroxidase-conjugated goat anti-human immunoglobulin of the G (IgG) or M (IgM) isotype (Organon Teknika-Cappel, Malvern, Pa.) was diluted 1:5,000 or 1:10,000 in PBS-Tween 20 and added to each well. Incubation followed for 2 h at 37°C. Goat anti-human antibody reagents were used because they have performed well relative to goat anti-rhesus antibody and were less expensive. The plates were washed, and 200 l of TMB Microwell Peroxidase Substrate (Kirkegaard & Perry Laboratories, Gaithersburg, Md.) was added to each well, after which 50 l of 8% sulfuric acid was added to stop the reaction. The plates were read immediately on an ELISA spectrophotometer (Bio-Rad) at 450 nm. On each plate, a standard positive control was run within its linear range of dilutions, and plate-to-plate comparisons were adjusted on the basis of the readings within the linear range of the positive controls on each plate. The raw data are shown in Fig. 1 and 2 ; preinfection serum and CSF samples from each animal served as negative controls. Background readings, i.e., those for normal serum or CSF samples, were 0.18 to 0.20 by both the IgM and the IgG ELISAs.
Immunoblotting. Immunoblotting of NHP sera was performed as described previously (20, 23) , except that commercial B. burgdorferi nitrocellulose strips (Microbiology Reference Laboratory, Cypress, Calif.) were used instead of strips made from electrotransferred sodium dodecyl sulfate-polyacrylamide gels. Criteria for immunoblot positivity were the same as those outlined by the Centers for Disease Control and Prevention and the Association of Public Health Laboratory Directors for IgG reactivity for human Lyme disease, a modification of those published by Dressler et al. (7): IgM, reactivity to two or three of proteins of 23, 39, and 41 kDa; IgG, reactivity to five or more of the proteins of 18, 21, 30, 39, 41, 45, 58, 66, and 93 kDa.
In vitro antibody production. Peripheral blood mononuclear cells (PBMCs) were isolated from fresh venous blood by Ficoll-Hypaque purification as described previously for human blood (22) . PBMCs were divided into two groups: one was used as a source for adherent APCs and the other was kept on ice to be used later as the responder population. APCs were purified by allowing them to adhere to 24-well plastic plates, and nonadherent cells were washed away. The medium used in these in vitro studies was AIM-V (Gibco-BRL, Bethesda, Md.). Adherent cells were then incubated with either medium alone or WCSs at 10 g/ml in medium for 2 h. This pulsing fluid (medium or WCSs) was then washed away, and responder cells were added to the pulsed adherent cells at a concentration of 10 6 /ml. The cells were incubated in a humidified atmosphere with 7% CO 2 at 37°C, and the supernatant was harvested at 5 days. No significant anti-B. burgdorferi antibody was produced by PBMCs alone, adherent cells alone, or PBMCs incubated with medium-treated adherent cells. Data are shown in Fig. 1 and 2 for IS1, IS2, and IC1. Adequate blood from IC2 could not be obtained for these studies.
DNA extraction from organs. Tissue samples were processed by DNA extraction, as follows. The tissue was minced with a scalpel. The minced tissue was brought to a final volume of 0.5 ml with a solution containing 10% sodium dodecyl sulfate and proteinase K. After an overnight incubation at 37°C, the tissue was extracted twice with a 1:1 mixture of phenol and chloroform. A final extraction with chloroform was performed to remove all phenol. One-tenth volume of 3 M sodium acetate (pH 5.4 to 6.0; Sigma Chemical) was then added to the aqeous mixture, followed by the addition of 2 volumes of ice-cold 100% ethanol (Warner-Graham, Cockeysville, Md.). The DNA was precipitated overnight at Ϫ20°C and then spun at 14,000 rpm in a Sorval SS-34 rotor for 20 min. The pellet was dried and resuspended in 0.2 ml of TE buffer (10 mM TRIS, 1 mM EDTA [pH 7.6]). Proteinase K was then inactivated by boiling the samples for 5 min. The samples were read on a spectrophotometer at optical densities (ODs) of 260 and 280, and reextraction was performed if the ratio of the OD at 260:OD at 280 was less than 2. The DNA concentration was calculated on the basis of the assumption that 1 OD unit at 260 represents a concentration of 50 g/ml.
PCR protocol. The B. burgdorferi gene chosen as the target for amplification was the outer surface protein B (OspB) sequence. OspB-specific primers were ‫ء‬OspB122 (5Ј-CACATCAAAACGCTAAACAAGACCTTCCTG) and ‫ء‬OspB462 (5Ј-TTTATTAGCTTTGAGAGTTTCCTCTGTTATTGA). The OspB-specific PCR protocol was as follows. PCR was carried out by adding 10 l of extracted DNA in a volume of 50 l containing 20 mM Tris-HCl (pH 8.4); 50 mM KCl; 0.2 mM (each) dATP, dCTP, and dGTP; 0.19 mM dTTP; 0.01 mM digoxigenin-11-dUTP; 0.5 M (each) primer (CLONTECH Laboratories, Inc., Palo Alto, Calif.); and 1.25 U of Taq DNA polymerase (Life Technologies, Grand Island, N.Y.). The amplification was achieved with a DNA thermal cycler (Perkin-Elmer Cetus 480). After denaturation at 94°C for 4 min, the amplification was conducted for 35 cycles at 94°C for 45 s for denaturation, 60°C for 45 s for annealing, and 72°C for 2 min for elongation. The final cycle was followed by a single period at 72°C for 7 min. The PCR products were inactivated in the UV reaction chamber and then electrophoresed on a 2% agarose gel and stained with ethidium bromide. The bands were visualized with a UV transilluminator and photographed with a Polaroid camera.
Construction of competitive PCR internal standards. Construction of competitive PCR internal standards was carried out as described in the PCR MIMIC Construction Kit (Clontech Laboratories, Inc., The Woodlands, Tex.). Chimeric oligonucleotide amplification primers were synthesized (Genosys Biotechnologies, Inc., The Woodlands, Tex.) with a 20-nucleotide sequence homologous to a neutral DNA template supplied by the manufacturer and a B. burgdorferispecific sequence homologous to the B. burgdorferi gene of interest, that for OspB. The OspB-specific sequence contains the sequences that serve as the target for amplification of both the wild-type and mimic DNA sequences.
The chimeric primers were ‫ء‬A (5Ј-CACATCAAAACGCTAAACAAGACC TTCCTGCGCAAGTGAAATCTCCTCCGT) and ‫ء‬B (5Ј-TTTATTAGCTTTG AGAGTTTCCTCTGTTATTGACTTGAGTCCATGGGGAGCTTT).
The competitive PCR internal standard, OspB competitor, was synthesized with 0.5 ng of neutral DNA and 1 l of each chimeric primer (20 M [each] ‫ء‬A and ‫ء‬B) in a standard PCR mixture of 50 l. The OspB competitor was generated with the following PCR program (35 cycles): 94°C for 45 s, 50°C for 45 s, and 72°C for 90 s. After the amplification step, a small aliquot (1 to 3 l) of the PCR mixture was used to directly ligate the OspB competitor into the TA cloning vector pCR2.1. After construction and amplification, the OspB competitor was approximately 200 bp larger than the OspB amplification product. To confirm that the synthesized OspB competitor incorporated the correct OspB sequences the plasmid containing the OspB competitor was sequenced by using the ABI PRISM Dye Terminator Cycle Sequencing Ready Reaction Kit (Perkin-Elmer). Subsequent to the correct sequencing of the OspB competitor plasmid, Escherichia coli was transformed with the OspB competitor plasmid (Invitrogen Corp., San Diego, Calif.). Growth and preparation of the newly constructed OspB competitor plasmids were performed with the QIAGEN (Chatsworth, Calif.) Plasmid kit.
Screening PCR-ELISA. All reagents described in this section were products of Boehringer-Mannheim (Indianapolis, Ind.) unless otherwise specified.
(i) Plate coating. A 96-well Immulon plate (Dynatech, Hamden, Conn.) was coated overnight at 4°C with 5 g of biotinylated bovine serum albumin per ml in PBS. The plate was then washed with PBS wash buffer (PBS, 0.05% Tween 20). A total of 200 l (per well) of a 10-g/ml solution of streptavidin in assay buffer (PBS, 0.5% gelatin, 0.15% Tween 20) was then added, and the plate was incubated at 37°C for 1 h. The plate was washed with PBS wash buffer and was then used for the ELISA.
(ii) Digoxigenin detection. A hybridization solution was prepared by adding 10 pmol of an internal biotinylated probe for OspB (synthesized and labeled by Lofstrand Labs Limited, Gaithersburg, Md.) per ml to a hybridization buffer (0.15 M NaCl, 0.015 M sodium citrate, 20 mM HEPES, 2 mM EDTA, 0.15% Tween 20) . A total of 490 l of hybridization solution was added to 10 l of PCR products that had been inactivated in the UV reaction chamber and denatured at 94°C for 5 min. A total of 200 l of the samples was then added to the well of a coated plate. The plate was incubated at 37°C for 3 h. After the plate was washed three times with washing buffer, 200 l of peroxidase-labeled antidigoxigenin antibody, diluted 1:5,000 in assay buffer, was added to each well and the plate was incubated for 30 minutes at 37°C. After the plate was washed, 200 l of 2,2Ј-azinobis(3-ethylbenzthiazolinesulfonic acid) substrate solution was added, the color was allowed to develop fully, and the plate was read on an ELISA plate reader at 405 nm. Samples were considered positive if the OD readings were greater than the mean plus 3.5 standard deviations for four negative samples (two water controls and DNA samples from uninfected brains). Use of these cutoffs resulted in positive signals for less than 1% of samples of DNA from uninfected NHPs.
qt-PCR-ELISA. The DNA extracts from samples that were positive by the screening analysis described above were further analyzed by quantitative PCR-ELISA (qt-PCR-ELISA). At least two samples, and usually three or four samples, were obtained from each tissue of animal PAX219 (IS1) tested. A range of concentrations of OspB competitor plasmid was added to aliquots containing a total of 500 ng of DNA from the tissue samples, and this mixture of wild-type and competitor DNA was subjected to PCR. In the ELISA, 200 l of PCR product was analyzed for hybridization to the unique wild-type internal sequence, and an equal volume of PCR product was analyzed for the unique competitor internal sequence.
ODs from the ELISA reader were transferred to an SPSS spreadsheet, and regression analyses were performed. A negatively sloped curve of the OD versus the concentration of competitor was generated from the wild-type DNA hybridization data, and a positively sloped curve was generated from the competitor DNA data. The x-axis intercept of the intersection of these two curves yielded a value for the copy number of the sample. Standard errors of the mean were determined for multiple determinations for the same DNA as well as of the same tissue; standard errors of the mean averaged 11 and 17%, respectively.
RESULTS

Anti-B. burgdorferi antibody response in serum.
In immunocompetent NHPs, there was a brisk rise in serum IgM levels within the first weeks of infection, followed by a decline in IgM levels beginning in the 5th week (Fig. 1) . As the IgM levels The duplicate values were within 10% of the mean. The figure was generated from an Excel 1998 spreadsheet by using the Chart Wizard. y, IC1; ', IC2; x, IS1; , IS2.
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on November 6, 2017 by guest http://cvi.asm.org/ were declining, IgG levels rose and continued to rise to the end of the study. In immunosuppressed NHPs, IgM antibody levels continued to rise throughout the experiment so that by week 6 levels were higher than those in immunocompent NHPs and continued to rise. IgG antibodies barely rose in the immunosuppressed NHPs and were low at the time of the necropsy.
Anti-B. burgdorferi antibody levels in CSF. As in previous studies, the time of appearance of anti-B. burgdorferi antibody in CSF was delayed relative to the time of appearance in serum. Levels of antibody in CSF in immunosuppressed NHPs were low throughout the study, while these levels in immunocompetent NHPs were positive by 5 weeks p.i. and remained high (Fig. 2) .
Immunoblotting of sera. (i) Anti-B. burgdorferi IgM. In IS1 IgM reactivity did not appear until 5 weeks after infection, at which time bands appeared at 37, 39, 41, 58, 60, and 66 kDa and a new band appeared at 93 kDa (Fig. 3A) . This pattern persisted. In IS1, weak reactivity was present at 31, 39, 60, and 66 kDa at 3 weeks and a strong 41-kDa band appeared at 6 weeks. This pattern persisted. In IC1 and IC2 there were strong early responses, with bands at present 31, 34, and 41 kDa at 3 weeks p.i.; these early responses faded. IC1 had no IgM bands by 9 weeks p.i., while IC2 had only a relatively weak 60-kDa band.
(ii) Anti-B. burgdorferi IgG. IS1 did not display IgG bands until 7 weeks p.i., at which time the predominant response was to p39 (Fig. 3B) . The IgG response increased slightly from 7 to 9 weeks p.i. In contrast, IS2 displayed bands of 31, 34, and 39 kDa early after infection, despite a relatively low IgG response by ELISA. The sera from neither immunosuppressed NHP demonstrated positivity by the criteria of the Centers for Disease Control and Prevention (7) . For IC1, the immunoblot was positive (7) In vitro antibody production. PBMCs produced anti-B. burgdorferi antibody in vitro, stimulated by Borrelia antigens present on B. burgdorferi-pulsed antigen APCs, as shown in Fig. 4 . The pattern of antibody production mirrored that present in serum, i.e., low levels of predominantly IgM in IS1 and IS2 and substantial levels of immunoglobulins of both isotypes in IC1 and IC2.
Spirochetal dissemination and load. (i) Immunocompetent NHPs (IC1 and IC2). As in previous studies (19), the spirochetal level was low, but detectable, in immunocompetent NHPs. The level was near the sensitivity of the PCR technique used, i.e., about five copies of B. burgdorferi DNA per 500 ng of DNA extracted from tissue. Screening PCR-ELISAs resulted in positivity for skeletal muscle, nerve, dura mater, brachial plexus, heart, aorta, and bladder tissue samples. Only 7 of 17 (41%) brain stem and spinal cord samples tested were positive. When these samples were tested by the qt-PCR-ELISA technique, a less sensitive technique than the screening PCR-ELISA, all were below the limit of 100 copies (per 500 ng of extracted DNA) necessary for meaningful quantitation by using the qt-PCR-ELISA.
(ii) Immunosuppressed NHPs (IS1 and IS2). Screening PCR-ELISA readily detected B. burgdorferi DNA in almost all subtentorial structures of the CNS tested (11 of 12 [92%]), as well as nerve, muscle, bladder, and cardiac tissues in dexamethasone-treated NHPs. In one of these NHPs, PAX219, DNA specimens were analyzed by qt-PCR-ELISA (Table 1 ). Only one sample from these animals was below the cutoff able to be quantified, i.e., 100 copies. The remaining tissues displayed a range of spirochetal loads ranging from (hundreds of copies) in CNS tissue, to thousands of copies in nerve tissue, to tens of thousands of copies in skeletal and cardiac muscle tissue.
(iii) Uninfected NHPs. Tissues from uninfected NHPs served as negative controls. Screening PCR-ELISAs were negative 9 for 26 of these specimens.
DISCUSSION
Lyme borreliosis is a chronic infection in humans which is increasing in prevalence and which results in significant morbidity. The NHP model of Lyme borreliosis consists of chronic inflammation in the CNS, heart, skin, nerve, and muscle, associated with high levels of antibody in serum and CSF, and a strong cellular immune response to spirochetal antigens. This model, which closely parallels the disease in humans (6, 20) , provides an opportunity to fill major gaps in our knowledge about Lyme disease in humans.
How spirochetes are cleared in patients with chronic infection is not well understood. A substantial body of work, primarily with experimental models of Lyme borreliosis, has shown that antibody is important in protection (2) but is not completely efficient in clearance of infection, since low-grade infection persists, despite high levels of antibody in the serum (21) . Th2-associated cytokines, such as interleukin-4 (IL-4) (4) and , are important cytokines in the antispirochetal response, probably through their role in the development of the antiborrelia antibody response. In our study, the spirochetal load was much higher in NHPs whose anti-B. burgdorferi antibody response was blunted by dexamethasone than in immunocompetent animals.
The mechanisms of impaired immunity induced by corticosteroid administration are complex and not completely understood. Many cells have intracellular steroid receptors complexed to a heat shock protein, hsp90. Steroids displace hsp90 from the receptor, allowing the receptor to enter the nucleus and bind to the gene regulatory sequences. Corticosteroids have effects on a wide variety of cellular processes and cell types. Thus, the precise steroid effect or combination of effects that to increased spirochetal loads in the corticosteroid-treated NHPs in this study was not determined. However, given previous studies that have demonstrated the importance of anti-B. burgdorferi antibodies in protection from infection, it is likely that the much lower level of specific antibody in the dexamethasone-treated NHPs contributed significantly to the higher spirochetal loads in those animals. Any combination of the lymphoid cells critical to antibody generation (APCs, helper T cells, or B cells) could have been affected.
We assumed at the initiation of the experiment that anti-B. burgdorferi IgM antibody production in the dexamethasonetreated NHPs would be impaired similarly to IgG isotype production. However, the IgM titers in these animals continued to climb through the course of the experiment, surpassed the levels in the immunocompetent animals, and remained high. The IgM antibody produced in the immunosuppressed NHPs, although quantitatively high, did not have the complexity of the IgG response in immunocompetent NHPs. That is, IgM antibody, when tested by immunoblotting, bound predominantly to the 39-and 41-kDa proteins of the spirochete, while the IgG antibody response at the same time p.i. in the immunocompetent NHPs bound to a broader spectrum of spirochetal proteins. This fact, plus the inability of IgM to penetrate significantly into tissue and its relatively poor ability to fix complement, may explain to some extent the relative inability of IgM to limit spirochetal growth.
We tested an assay for in vitro production of antibody. The measurement of in vitro antibody production has proved helpful in learning about production of antibody to other pathogens such as Bordetella pertussis (10a). We hoped that the in vitro antibody produced would reflect the level and isotype of antibody detectable in serum, and this proved to be true. This high degree of correlation of the level of antibody present in the supernatants of PBMCs to that present in the serum of the infected NHPs is important. It allows this system to be used in the future for dissection of conditions necessary for antibody production, such as important cytokines, APCs, peptides of B. burgdorferi, helper T cells, and B-cell populations. For example, IL-6 is a major cytokine produced by mononuclear cells after stimulation with B. burgdorferi (18, 28) , plays a role in limiting arthritis (1) , and is also a critical cytokine for the generation of specific antibody (15, 16) . The in vitro antibody system will allow dissection of the role of IL-6 and other components in the production of specific antibody in the NHP model of Lyme borreliosis.
The impaired isotype switch in the dexamethasone-treated NHPs was confirmed in the measurement of anti-B. burgdorferi antibody levels in vitro. Although most antibody to B. burgdorferi in an infected NHP is presumably produced in regional lymph nodes, spirochete-specific B cells do circulate in the peripheral blood. These circulating B cells were activated in vitro to produce antibody. The level of production of specific antibody in vitro by these peripheral blood B cells in this study mirrored the levels of production of antibody in the sera of the infected NHPs.
The spirochetal load in immunocompetent NHPs was very low, at or near the sensitivity of the detection of the PCR assay, i.e., 5 to 50 copies per 500 ng of tissue DNA. This level was below the level necessary for meaningful data from the quantitative assay, the qt-PCR-ELISA. The spirochetal load in the dexamethasone-treated NHPs was considerably higher, with the largest concentration being found in skeletal muscle. This tropism of the spirochete to skeletal muscle was unexpected and may have relevance to certain clinical symptoms that occur in infected humans, such as myalgia and fatigue. The dissemination of N40Br, a B. burgdorferi sensu stricto strain, to multiple sites was similar to that observed in our previous studies with NHPs (19) . Since in our previous studies we had documented that culture of tissue in this model had a very low yield, tissue culture was not performed in this study to assess spirochetal load. This broad dissemination of sensu stricto strains in nonrodent vertebrates was also seen in a recent study dealing with naturally infected dogs (12) ; Borrelia garinii isolates, in contrast, appeared to have specific and restricted tropism to the liver. More studies of spirochetal load and tissue tropism in this infection in higher vertebrates are necessary.
In human infections, corticosteroids are sometimes used for the treatment of clinical syndromes such as facial paralysis or arthritis, when these problems are thought to be idiopathic. The data presented above demonstrate the interplay between host immunity and spirochetal infection in Lyme borreliosis and the importance of a competent immune response in limiting the spirochetal load. Since the diagnosis of Lyme borreliosis may sometimes be difficult to make, there is a risk in areas of endemicity of using corticosteroids as therapy in inflammatory syndromes that could represent Lyme disease.
